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By John W. Paulson, Joseph L. Johnson,
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SUMMARY

An investigatlon has been made to obtain force-test
data on a wing deslgn sultable for high-speed guided
missiles, particularly data on rolling moments produced
1n yawed and »nltched attitudes. Force tests were con-
ducted on two models of a wing design of low aspect
ratio end 20° triesngular plan form. One model consisted
of four wings snaaced 90° and the other consisted of six
wings spaced 699,

Results of the tests showed that aporeciable rolling
moments existed for both the four- and six-unit wing
deslgns in yawed and pltched attlitudes but that the
rolling moments of the six-unit design were czonsiderably
smaller than those of the four-unit design. The values
of these moments, which became larger as the angles of
attack and yaw were increased, were attrlbuted to partlal
blanketing of one or more wings by the other wings,
Falrly large control deflections were required to trim
out the rolling moments produced in the climblng-turn
attitudes. .

INTRODUCTION

The asnalysis presented in reference 1 indlcates
that compressibility effects are delayed by the use of
low-aspect~ratio wings of triangular plan form. In con-

nection with the design of such a wing arrangement
" sultable for use on high-speed gulded missiles, the
rolling-moment characterlstics in yawed and pitched
attitudes have been determined.
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Force tests were conducted in the Langley free-
flight tunnel on two models of the designh. 3Jne model
consisted of four wings spaced 90° and the other con-
slsted of six wings, identical to .those of the first
model, spaced 60°, Tests wers made for a rengs of
angle ol attack from 0° to 20° with the models set at
an angle of yaw of 0° but rotated in roll about the body
axes by 10~ incremeints from ons symetrlcal condltion to
the next. Thus, the first model was rotated through
90° and the sscond was rotatsd through 60°. in this
manner, conditions of sldeslipy and angle of attack that
would be attalned in climbing turns were siwulated.
Particular attentlon was given to any evidence of rolling
moments in these attitudes.

SYMBOLS
Lift

o,  1ift coefrictent (LLLE)

Dra
Cp drag coefficlent <_E§£9
Cy lateral-force coefficient Latergi f°r°°>
Coy pitching-moment coefficlent (Pitchlggqmoment-
C yawlng-moment coefficient (Yawingfmomant
n qbs
Cy rollling-moment coefficlent (?ollizgqmoment
q dynamlc oressure (%pva)

" alr density, slugs per cublic foot

v alrspeed, feet per second

S wing area, square feet (2.82)
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wing span, feet (1.L¥)
rolling moment T
yawing moment: -

[}

" pltching moment ’

-,

”aﬂgle-of-gttaok; degrees
angle of sideslip,.degrées
-angle. of roll, degrees

< v VoA B BB O

eangle of yaw, degrees .
right-alleron deflection, degrees
8g . elevator deflection

8, -rudder deflection ' -
APPARATUS AND VODELS

The force tests were made in the Langley free-
flight tunnel with the models mounted on the six-
comwonent balance descrived 1n reference 2. The models
used in the lnvestigatlion were of triangulsr plan form
wlith an included angle of 20° and an aspect ratio of
about 0.7. The models were made of spruce with each
unlit of constant thickness except for the leading edge,
which was shaped to esn elliptical section. Drawings of
the four-~ and six-unit wing models are presented as ,
figure 1. . Photogranhs of the models showlng the brackets
used to mount the models on the balance 'strut are shown
as figures 2 and 3., These breckets were used to minimize
the interference effects of the strut.

For a few tests the four-unit wing model was modified
by the 1nstallation of a control surfece at the tralling
edge of one wing. Thls modification was accomplished by

1n§talling a 2%—1nchﬂﬁnrd flap. (See fig. 1.)
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TESTS-

?
[ S

411 force tests were made at a dynamlc nressure of
li.1 pounds per square foot, which corres»onds to an air-
speed of about LO miles per hour and to a test Reynolds
number of 510,000 based on an average ctord of 2 feet.
Tests were made over a range of angle of attazlz from o°
to 20° with the models rotated by 10° increments from 0°
to 90° for ths four-unit wing mocdel and from 2" to 60°
for the slx~unit wing model.

All coefficients are based on a wing srea of :
2.82 square feet and a wing span of 1l.41 feet and are .
refoerred to the stabllity axes (which are identical with
the wind axes in the present case because all tests wers
made at an angle of yaw of 0°) originating 2.67 feet
from the acex. The stabllity axes are a system of axes
In which the Z-axls i1s 1In the nlane of symmetry, perpnen-
dicular to the relative wind #“nd directed downward; the
X~axls is in the plane of symietry, perpendicular to
the 2-axis and directed forward; end tke Y-=xis 1s perpen-
dlcular to the plans of symmetry end directed to the
right. A sketch of the stability axes 1s pressnted as
figure h. Arrows indicate the positive dlrectlion of
momenta, forces, and control-surface deflact!ons,

RESULTS AND DISCUSSIONK
Application of Pesults
The angles of attack and sideslip simulsted by each

test condition cen be determinsd from the test data by
using .the following relationships:

o"tsi.:nulat:ed = a cos § (1)

ﬁsimulated =a sin.ﬂ ' (2)
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. Dividing equation (2) by equation (1) gives

ﬂsimulated

Csimulated

= tan g

Similarly, the 1l1ft and lateral-force coefficlents pro-
duced by the angles of attack and sideslip simulated
in each test condltion can be obtalned from the 1lift-
coefflclent test data by using the followlng relation-
ships: ) ’

C = C; coB8

Lsimulated L ﬁ
(¢] =
Ysimulated Gy, 8in g

Any leteral~force coefficlents measured in the force
tests (for which B = 0°) are evidence of additional
1ift and lateral force that are probably caused by
nartial blanketling of one or two of the wlings by the
other wings. These additional 1lift and lateral-force
coefflcients can be obtalned from the lateral-force
data by using the followlng relationships;

siﬁ [

AC c
Letmulated Y

AC = Cy 608 #

Y'Bimulated
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‘Four-Unlt wing Design

The force-test data for the four-unit wing design
are presented in figure 5 and crossplots of these data
against angle of roll are presented in figure 6. The
values of Cys Cp» and cz prefented 1n these figures

are incrementel vseslues taken between an angle of roll

of 0° and each succeeding angle of roll. The results in
figure 5 show that the slope of the pitching-mcment curve
Increased with lncreasing angle of attacl. it the same
time, however, the lift-curve slope lncreased so that

the aerodynamic center 4did not move aptreclably with
Increasing angle of attack. The increase in lift-curve
8lope with Increesing angle of attack 1s in agreement
wlth results of tests of low-aspect-ratio wings presented
in refesrence 3,

The data of figures 5 and 6 show that for sngles of
attack of 5° and 10 no eorrscisble variesticn occurred in
1ift, drag, or »itching-moment coefficients with angle
of roll. Tor angles of attack of 20°, however, the coef-
ficlenta did vary with angle of roll ancd were lowest at
angles of roll of about LO° or 50° - that is, when the
simulated angles of attack and sideslip were about the
same magirl tude.

The results in figures 5 and 6 also show that
aopreciable rolling moments, yvawing moments, and lateral
force were measured in the force tests and vuried with
angle of roll and angle of attack. These forcss and
moments are shown in figure 6 to Dbe gpproximately zero
at _the symmetrical condltions of ‘angles of roll of 07,
45°, and 90°. At intermedlate angles of roll, however,
forces and moments were produced that reached & maximum
at angles of roll of about 20° and 65° and thet increased
wlth angle of attack. Since the forces and moments are
smallest for the symmetrical conditlions, the vsriation
of forces and moments 1s attributed to nartizl blanketing
of ons or more wings by the other wings ss the model
similated various angles of yaw and nitch.

The date show that in a similated straight pull-up,
a flat turn, or a climbing turn revpresented by the con-
dition in which the engle of roll is [:5°, no lateral
force was Introduced. For any of the intermedlate
condltions, however, a lateral force was vrocduced that
would cause the missile to deviate from its nath, and
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additlional control would therefore be required to maintain
the desired path, In-a-simllar manner, the rolling,
moments produced in the various climbing-turn attitudes

.must be balanced by the use of allsron control.

The resulta of tests made to determine the effective-
ness of a control surface lnstelled on one wing of the
four-unit design are presented in flgure 7. These data
show that a small control deflection (less.than 10°) in
the zero-roll condition produced a larger rollinz moment
at high angles of attack then at low angles of attack.
The results of tests made to determlne the effect of
blanketing on the control effectiveness are also pre-
sented in figure 7 and show & alight decrease in the
rolling moment produced by control deflsction when the
control was on the downwind slde.

Six-Unit "ing Lesign

The results of the force tests of the six-unlt wing
design are presented in figure § and crossplots of the
data against angle of roll are presented 1n figure 9.

The lateral data are also incremental valuss as in the
case of the four-unit wing design. The results in fig-
ure & show that the nitching-moment curve of the six-unit
design had characteristics simllar to those of the
nitching-moment curve for the four-unit design. TFigure 8
also shows that the 1lift curve remelned -anproximately
stralght throughout the angle-of-attack renge. At low
anrles of attack the lift-curve slobe for the six-unit.
design is about 50 percent greater than that for the
four~-unit deslgn because the six-unlt deslgn has 50 per-
cent more effective lifting-surface area. At the higher
angles of attack, however, this lncresse In 1li1ft was not
reallzed, vprobably because of edditional Interference
effects. Tho data of figures & and 9 show very llttle
variation of the 11ft, drag, snd pitching-moment coef-
ficients wlth angls of roll for angles of attack of 5°
and 10° For an angle of attack of 20°, however, the
11t and pl tching-moment coefficilents varied considerably
and were lowest at sngles of roll of O° and 60°, whereas
the drag coefficlent remalned rnearly constant. These-
variations sre attributed to interference efrects,as 1in
the caese of the four-unit design.
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The results presented in figures 8 and 9 'show the
seme geuneral varliation of rolling-moment, yawing-moment,
ané¢ lateral-force coefflicients for the six-unit design
in the slmulated climbing-turn conditlions as for the four-
unit design, although the variation was not so systemetic
and the meximum values of the forces and.moments were not
80 large as those of the four-unit design. Although
alleron and rudder.control would bé needed to trim out
the forces and moments for the six-unit design, the deflec-
tions required would be considerably less than for the
four-unlt design.

CONCLUDING REMAPRKS

Stability end control force tests of four- and six-
unit wing designs of low aspect ratio and 20° triangular
plan form have been wmade in ths Lengley free-flight
tunnel. From the results of the tests, apmreclable rolling
moments were found to exist for both the four- and six-
unit winz desligns In yawed and pitched attitudes but
the rolling moments of the six-unlt desiyn were consider-
ably smallsr thsn those of the four~unit design. The
values of the unsymmetrical forces and moments, which
became larger os the angles of attsck &nd yaw were increased,
were ettributed to nartlal blanketing of one or more wings
by the other wings. Fairly large control deflections
were required to trim out the rolling moments nroduced
in the climbing-turn attitudes.

Langley Memorial Aeronaufical Laboratéry
National Advlisory.Commlttee for Aeronautics
Langley Fleld, Va.
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Figure /.- Four- and six-unit wing desrgns of low aspect ratio and
triangular plan form for guided missiles tested in the Langley
free-Flight +unnel. -
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Figure 2.~ Model of four-unit wing design of low aspect
ratio and triangular plan form for guided missiles
tested in the Langley free-flight tunnel.
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(a) ¢ = 09,

Figure 3.- Model of six-unit wing design of low aspect
ratio and triangular plan form for guided missiles
tested in the Langley free-flight tunnel.
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Fig. 9 NACA ACR No. L6Dl7a

ol
(@egq)
T 5
: ——0
S TS . g g
| \S‘ - B S T - - \\___/-' T~~~
S8 — I
Sy O '
=
I8
3 peegmmcgo=me-o S S L S
S
® Z
Y
QL
% e R R e [ e
NIV o
O
6 — =1 M = —
~N
S
+
% T T
Q ~_| 4 S W S—
C,\ —
gy 2
S ’_"_"""_\\..\~ | —
Q NAT IONAL ADVISORY
~ O COMMITTEE FOR AERONM’JTICS

0 10 20 40 20 60

30
Arngle of roll, @, deg

Figure O =variation Of  aerodynamic charactefistics  witl] - angle or”
1o/ for Str-unil wing aesign of low aspect rat/o and 7Triangular
plan form for guided missiles as determined rfrom force jests
1n the Langley Tree-Tlight tunnel. g =0°; g =4./ pounds
per square Toot.
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